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(54) METHOD AND DEVICE FOR CONTROLLING FAN FOR COOLING VEHICLE-MOUNTED
BATTERY

(57) A vehicle which uses an internal combustion
engine and a motor generator as drive sources is pro-
vided with a battery disposed under a seat and a fan for
cooling the battery. Power is exchanged between the
motor generator and battery via an inverter. An electron-
ic control unit estimates the level of background noise
which is noise other than the operating sound of the fan
in the passenger compartment based on the vehicle

speed and rotation speed, etc., of the internal combus-
tion engine. Then, the electronic control unit calculates
an operation command value for the fan based on the
estimated background noise level and temperature level
of the battery and controls the rotation speed of the fan
through the operation command value. As a result, it is
possible to effectively cool the battery while reducing
sensible noise caused by the operating sound of the fan.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a method and
apparatus for controlling a vehicle-mounted battery
cooling fan.

BACKGROUND ART

[0002] In recent years, electric cars using an electric
motor as a drive source and hybrid cars using an electric
motor and internal combustion engine as drive sources
are attracting attention. These vehicles are normally
provided with a chargeable battery and the electric mo-
tor is driven by electric energy stored in this battery.
[0003] The battery includes internal resistance, and
therefore charging/discharging is accompanied by heat
generation. For this reason, the temperature of the bat-
tery rises as charging/discharging of the battery is re-
peated.
[0004] Furthermore, when such a battery is continu-
ously used under a high-temperature condition, the life
is generally shortened. For this reason, to protect the
battery, the battery may be controlled so as to limit the
charge/discharge current when the battery is under a
high-temperature condition. However, in this case, suf-
ficient propulsion may not be obtained or in the case of
a hybrid car, poor fuel efficiency of the internal combus-
tion engine may result.
[0005] For this reason, the above described vehicle is
often provided with a fan for cooling the battery. The ro-
tation speed of the fan is normally high when the battery
is under a high temperature condition and slow under a
low temperature condition.
[0006] On the other hand, in the case of the hybrid car
or the electric car, when the car is parked or when the
electric motor is used as a drive source, generally noise
in the passenger compartment is often kept to a low lev-
el. When noise is at a low level in such a passenger com-
partment, if the fan is operating for cooling the battery,
the operating sound of the fan increases relative to
background noise in the passenger compartment, that
is, noise other than the operating sound of the fan. Since
passengers of the vehicle are rarely aware of the reason
for the operation of the fan under ordinary circumstanc-
es, the passengers feel the operating sound of the fan
as offensive to the ear.
[0007] Therefore, in order to reduce annoyance by the
operating sound of the fan, the fan is stopped when, for
example, the vehicle is parked and no operating sound
of the internal combustion engine is present. Alterna-
tively, measures such as reducing the rotation speed of
the fan are taken. For example, Japanese Laid-Open
Patent Publication No.2001-103612 proposes a fan
control apparatus for a hybrid car provided with a func-
tion for reducing the rotation speed of the fan before
stopping idle operation when stoppage of the idle oper-

ation of the internal combustion engine is predicted. As
the fan control apparatus disclosed in this publication,
the rotation speed of the fan decreases prior to the stop-
page of idle operation, and therefore it is possible to re-
duce annoyance of the passengers caused by the op-
erating sound of the fan while the idle operation is
stopped.
[0008] However, it is not always possible to determine
whether background noise in the passenger compart-
ment, that is, noise other than the operating sound of
the fan is relatively small or not based only on whether
the idle operation of the internal combustion engine is
stopped or not. That is, even if the idle operation is
stopped, background noise may be large in the passen-
ger compartment due to sound other than the operating
sound of the internal combustion engine. When the ro-
tation speed of the fan continues to be low for a long
time though background noise in the passenger com-
partment is relatively large, the temperature of the bat-
tery increases and the life of the battery may be short-
ened.
[0009] In the case of not only a battery for supplying
electric energy to a vehicle motor, but also other vehicle-
mounted batteries which realize cooling through rotation
of the fan, the above described situation in which the
operating sound becomes offensive to the ear is gener-
ally common.

SUMMARY OF THE INVENTION

[0010] It is an objective of the present invention to pro-
vide a method and apparatus for controlling a vehicle-
mounted battery cooling fan capable of effectively cool-
ing the vehicle-mounted battery while reducing sensible
noise due to operating sound of the fan.
[0011] In order to achieve the above described object,
the present invention provides a method of controlling
a fan for cooling a vehicle-mounted battery. The vehicle
is provided with a passenger compartment, and an elec-
tric motor that functions as a drive source. The control
method comprises a step of determining noise level in
the passenger compartment and a step of controlling an
operation mode of the fan according to the determined
noise level in the passenger compartment.
[0012] The present invention further provides an ap-
paratus for controlling a fan for cooling a vehicle-mount-
ed battery. The vehicle is provided with a passenger
compartment, and an electric motor that functions as a
drive source. The control apparatus comprises a deter-
mining means for determining noise level in the passen-
ger compartment and controlling means for controlling
the operation mode of the fan according to the deter-
mined noise level in the passenger compartment.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0013]

Figure 1 is a block diagram showing a configuration
of a fan control apparatus according to an embodi-
ment of the present invention;
Figure 2 is a flowchart showing a fan controlling pro-
cedure executed by the fan control apparatus
shown in Figure 1;
Figure 3 is a graph illustrating an operation com-
mand value for the fan calculated in the fan control-
ling procedure in Figure 2;
Figure 4 is a graph illustrating a relationship be-
tween an operation command value for the fan and
background noise level;
Figure 5 is a time chart showing a fan control pro-
cedure in another embodiment of the present inven-
tion; and
Figure 6 is a flowchart showing a filtering process-
ing procedure applicable to another embodiment in
Figure 5.

BEST MODE FOR CARRYING OUT THE INVENTION

[0014] With reference now to Figure 1 to Figure 4, an
embodiment of the present invention will be explained
below.
[0015] As shown in Figure 1, the fan control apparatus
according to this embodiment is applied to a vehicle us-
ing an internal combustion engine 11 and an electric mo-
tor 12 as drive sources, that is, a hybrid car. This em-
bodiment uses a synchronous motor as the electric mo-
tor 12. This synchronous motor also functions as a gen-
erator, and therefore the electric motor 12 will be re-
ferred to as a motor generator (M/G) 12 hereinafter. A
seat 14 is provided for a passenger in a passenger com-
partment 13. A battery 15 is disposed under this seat 14
and electric energy is exchanged between this battery
15 and M/G 12.
[0016] The vehicle moves when power generated by
the internal combustion engine 11 or M/G 12 is trans-
mitted to an axle shaft 17 via a transmission 16. When
the M/G 12 functions as a drive source, an inverter 18
converts DC electric energy supplied from the vehicle-
mounted battery 15 to AC and the M/G 12 generates
power using the AC electric energy. When a regenera-
tive brake is applied to the driving vehicle, the driving
force of the axle shaft 17 is transmitted to the M/G 12
through the transmission 16. The M/G 12 generates AC
electric energy based on the driving force of the axle
shaft 17. The inverter 18 converts the AC electric energy
generated by the M/G 12 to DC and charges the battery
15. Thus, the inverter 18 has the function of converting
power from DC to AC and the function of converting
power from AC to DC.
[0017] On the other hand, when the internal combus-
tion engine 11 functions as the drive source, power gen-

erated at the internal combustion engine 11 is transmit-
ted to the axle shaft 17 via the transmission 16 and at
the same time drives the M/G 12 as required to generate
electric energy. The inverter 18 converts AC electric en-
ergy generated by the M/G 12 to DC and charges the
battery 15.
[0018] The vehicle is provided with an electronic con-
trol unit (ECU) 19 to control the internal combustion en-
gine 11 and M/G 12. This ECU 19 is a controller made
up of a microcomputer, etc., which provides the internal
combustion engine 11 with a command regarding open-
ing of a throttle valve (not shown) and a command re-
garding the amount of fuel injection and at the same time
monitors the engine operating state such as the engine
rotation speed through various sensors (not shown).
Furthermore, the ECU 19 gives the inverter 18 a switch-
ing command for the above described power conversion
and monitors the operating condition such as the rota-
tion speed of the M/G 12 through various sensors (not
shown). Furthermore, the ECU 19 calculates the vehicle
speed based on the signal indicating the rotation speed
of the axle shaft 17. Furthermore, the ECU 19 controls
an air-conditioner 20 mounted on the vehicle and mon-
itors the state (opening) of a window 21 and state of a
sound system 22 (degree of volume adjustment).
[0019] When the vehicle is driving with power from the
M/G 12, the battery 15 discharges. Furthermore, when
the regenerative brake is applied, kinetic energy of the
vehicle is converted to electric energy through the M/G
12, in which the electric energy is used to charge the
battery 15. Therefore, when driving and stoppage of the
vehicle are repeated, the battery 15 repeats charging/
discharging. Since internal resistance exists in the bat-
tery 15, the battery 15 generates heat caused by current
flow accompanying charging/discharging. As described
above, the temperature rise of the battery 15 may cause
shortening of the life of the battery 15 or degrades fuel
efficiency of the internal combustion engine 11.
[0020] In order to prevent temperature rise of the bat-
tery 15, this vehicle is provided with a fan 23 to cool the
battery 15 in the passenger compartment 13. To control
the operating mode of this fan 23 according to the tem-
perature of the battery 15, the vehicle is provided with
a temperature detector for detecting the temperature of
the battery 15, that is, a temperature sensor 24. Further-
more, to control the charging/discharging current of the
battery 15 to a desired level, the vehicle is also provided
with a sensor (not shown) for detecting a voltage and
charging/discharging current of the battery 15. The ECU
19 calculates a command value necessary to cool the
battery 15 based on the detected temperature, voltage
and charging/discharging current and outputs the com-
mand value to the fan 23. As a result, the fan 23 rotates
at a speed according to the command value, the air in
the passenger compartment 13 is blown on the battery
15 and the battery 15 is cooled.
[0021] The operating sound of the fan 23 may consti-
tute noise to passengers in the passenger compartment
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13. For example, when the vehicle is parked and the
operation of the internal combustion engine 11 is
stopped, if no other noise source is present, the interior
environment of the passenger compartment 13 is quiet.
However, if the fan 23 is operating at this time, the op-
erating sound increases relative to the quiet environ-
ment of the passenger compartment 13, which causes
the operating sound to become offensive to the ear of
the passengers. This noise becomes particularly notice-
able when the fan 23 is disposed under the passenger's
seat 14 as in the case of this embodiment.
[0022] On the other hand, the acoustic environment
in the passenger compartment 13 is affected by not only
the operating sound of the fan 23, but also the driving
sound of the vehicle, operating sound of the internal
combustion engine 11, operating sound of the M/G 12,
operating sound of the air-conditioner 20, opening of the
window 21 and volume of the sound system 22. For ex-
ample, when the vehicle is driving at high speed, when
the rotation speed of the internal combustion engine 11
or M/G 12 is high, when the air-conditioner 20 is oper-
ating with high load, when the window 21 is fully open,
or when the sound system 22 is operating with high
sound volume, noise in the passenger compartment 13
naturally increases. In such a case, even if the operating
sound of the fan 23 is relatively large, sound other than
the operating sound of the fan 23 is large, and therefore
the operating sound of the fan 23 relatively decreases.
Therefore, sensible noise of the fan 23 to the passen-
gers of the vehicle is small.
[0023] Therefore, in order to reduce sensible noise
with respect to this fan 23 and effectively cool the battery
15, this embodiment is designed to control the fan 23 as
follows. Since this embodiment regards the operating
sound of the fan 23 as an evaluation target, sound
caused by all noise sources other than the fan 23 is
treated as background noise. Vehicle components as-
sumed to constitute possible sources of this background
noise (causes for noise) are shown enclosed with a dou-
ble-line rectangle in Figure 1. That is, as shown in Figure
1, this embodiment assumes the axle shaft 17 through
which the vehicle speed is detected, internal combus-
tion engine 11, M/G 12, air-conditioner 20, window 21
and sound system 22 as the background noise source
(causes for background noise).
[0024] The above described ECU 19 is provided with
a background noise estimation section 31, a fan opera-
tion command calculation section 32 and a fan operation
command output section 33 for effectively cooling the
battery 15 using the fan 23 according to background
noise in the passenger compartment 13. These ele-
ments (31 to 33) show the functions executed by the
ECU 19 according to a predetermined control program.
The ECU 19 including these elements (31 to 33) controls
the fan 23 according to the procedure shown in the flow-
chart in Figure 2.
[0025] First, in step S201, the ECU 19 determines
whether there is any request for special operation on the

fan 23. This request for a special operation is made
when the temperature of the battery 15 is recognized to
be abnormal or when the fan 23 or other parts have trou-
ble. When there is a request for a special operation, the
ECU 19 goes to step S209 and calculates a command
value according to the special operation as the com-
mand value corresponding to the fan 23. The process
in this step S209 is defined as an abnormal process
which is different from a normal process, which will be
described later. For example, when the battery 15 is ab-
normally hot, a process such as operating the fan 23
irrespective of background noise is performed.
[0026] On the other hand, when there is no request
for a special operation, the ECU 19 goes to step S202
and estimates the background noise level in the pas-
senger compartment 13 caused by the aforementioned
background noise source. The background noise level
is estimated based on the command value given from
the ECU 19 to each background noise source or status
value of the background noise source detected by var-
ious sensors. More specifically, the level of the back-
ground noise in the passenger compartment 13 is esti-
mated based on the vehicle speed obtained from the
rotation speed of the axle shaft 17, rotation speed of the
internal combustion engine 11, rotation speed of the M/
G 12, command value corresponding to the air-condi-
tioner 20, opening of the window 21 and degree of ad-
justment of sound volume of the sound system 22. With
regard to the level of background noise, it is possible to
estimate noise caused by each background noise
source individually and determine the level of back-
ground noise comprehensively based on the estimation,
for example. Furthermore, in estimating the level of
background noise, it is preferable to consider relation-
ships between a plurality of mutually affecting factors
such as the relationship between the vehicle speed and
opening of the window 21. With regard to the process
of this step S202, the ECU 19 functions as the back-
ground noise estimation section 31.
[0027] Then, in steps S203 to S207, the ECU 19 cal-
culates an operation command value for the fan 23
based on the estimated background noise level and
temperature of the battery 15 detected by the tempera-
ture sensor 24. For the processes in these steps S203
to S207, the ECU 19 functions as the fan operation com-
mand calculation section 32. More specifically, in step
S203, the fan operation command calculation section
32 determines whether the specified background noise
level satisfies a predetermined first condition or not, that
is, whether the background noise level is equal to or be-
low a predetermined first threshold or not. When the
background noise level satisfies the first condition, that
is, equal to or below the first threshold, the fan operation
command calculation section 32 goes to step S205a,
sets the background noise level to "1" and stores the set
background noise level in a memory (not shown) pro-
vided for the ECU 19. On the other hand, when the es-
timated background noise level does not satisfy the first
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condition, that is, the estimated background noise level
is greater than the first threshold, the fan operation com-
mand calculation section 32 goes to step S204 and de-
termines whether the background noise level satisfies
a predetermined second condition or not, that is, wheth-
er the background noise level is equal to or below a sec-
ond threshold which is greater than the first threshold.
[0028] When the background noise level satisfies the
second condition, that is, the background noise level is
equal to or below the second threshold, the fan opera-
tion command calculation section 32 goes to step
S205b, sets the background noise level to "2" and stores
the set background noise level in the above described
memory. On the other hand, when the background noise
level does not satisfy the second condition, that is, the
background noise level is greater than the second
threshold, the fan operation command calculation sec-
tion 32 goes to step S205c, sets the background noise
level to "3" and stores the set background noise level in
the memory. A smaller value indicating the background
noise level means that the environment in the passen-
ger compartment 13 is quieter, while a larger value in-
dicating the background noise level means that the
background noise level in the passenger compartment
13 is high. Thus, executing processes in steps S203 to
S205c shows the estimated background noise level with
any one of background noise levels in a plurality of stag-
es (3 stages in this embodiment).
[0029] After step S205a, step S205b or step S205c,
the fan operation command calculation section 32 sets
the temperature level according to the temperature of
the battery 15 detected by the temperature sensor 24 in
step S206 and stores the set temperature level in the
memory. The temperature level is set to any one of tem-
perature levels in five stages "A" to "E" according to the
detected temperature of the battery 15. That is, the tem-
perature of the battery 15 is indicated by any one of tem-
perature levels in a plurality of stages. The temperature
level indicates that the temperature of the battery 15 in-
creases in order of A, B, C, D and E. That is, the tem-
perature level at "A" indicates that the temperature of
the battery 15 is lowest and the temperature level at "E"
indicates that the temperature of the battery 15 is high-
est. Next, in step S207, the fan operation command cal-
culation section 32 calculates an operation command
value for the fan 23 based on the background noise level
and temperature level set above.
[0030] In step S208, the ECU 19 outputs the calculat-
ed command value to the fan 23. As a result, the fan 23
follows the command value or more specifically the fan
23 is controlled so as to operate at a rotation speed cor-
responding to the command value. In the process in this
step S208, the ECU 19 functions as the fan operation
command output section 33.
[0031] The command value calculated in step S207
is defined so as to have a characteristic as illustrated in
Figure 3. That is, as shown in Figure 3, as the temper-
ature level increases from "A" to "E" and as the back-

ground noise level increases from "1" to "3", the com-
mand value for the fan 23 increases. For example, when
the background noise level is set to "1", as shown in sin-
gle-dot dashed line in Figure 3, the command value in-
creases stepwise from "0" → "0" → "0.5" → "1.5" → "2.5"
as the temperature level increases from "A" to "E". Fur-
thermore, when the background noise level is set to "2",
as shown in a solid line in Figure 3, the command value
increases stepwise from "0" → "1" → "2" → "3" → "4" as
the temperature level increases from "A" to "E". Further-
more, when the background noise level is set to "3", as
shown by the dotted line in Figure 3, as the temperature
level increases from "A" to "E", the command value in-
creases stepwise from "1" → "2" → "3" → "4" → "5". The
command value for the fan 23 is, for example, a voltage
value itself, or a voltage whose duty ratio is controlled.
As the command value increases (as the voltage or duty
ratio increases), the rotation speed of the fan 23 increas-
es.
[0032] In this way, the command value for the fan 23
increases as the background noise level increases ac-
cording to the temperature of the battery 15 at that time.
Figure 4 is a graph illustrating the relationship between
the background noise level and command value for the
fan 23 when the temperature level is set to "C". As
shown in this graph, when the temperature level is set
to "C", the command value increases stepwise from
"0.5" → "2" → "3" as the background noise level increas-
es from "1" → "2" → "3".
[0033] This embodiment explained so far has the fol-
lowing excellent advantages:

(1) The ECU 19 has the function of determining
noise in the passenger compartment 13 and con-
trolling the operating mode of the fan 23 according
to the determined noise. That is, the ECU 19 deter-
mines the noise level in the passenger compart-
ment 13 and calculates a command value for the
fan 23 according to the determined noise level. As
the noise level in the passenger compartment 13
increases, a greater command value is calculated
so as to rotate the fan 23 at a higher speed. When
the noise level in the passenger compartment 13 is
lower, a smaller command value is calculated so as
to rotate the fan 23 at a lower speed. That is, the
operating mode of the fan 23 is controlled according
to the noise level in the passenger compartment 13
so that the operating sound of the fan 23 becomes
smaller when the acoustic environment in the pas-
senger compartment 13 is estimated to be quiet,
and the battery 15 is effectively cooled when the
noise level in the passenger compartment 13 is es-
timated to be large. As a result, it is possible to re-
duce sensible noise of the fan 23 to passengers in
the passenger compartment 13 and effectively cool
the battery 15 as well.

(2) In controlling the fan 23, noise in the passenger
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compartment 13 to be estimated is noise other than
the operating sound of the fan 23, that is, back-
ground noise for the operating sound of the fan 23.
The level of the background noise is estimated
based on the content of an operation command giv-
en to each of vehicle components that are estimat-
ed as causes for background noise or the operating
status of each vehicle component. For this reason,
the level of background noise is estimated accu-
rately and the fan 23 is operated at an exact rotation
speed according to the level of the estimated back-
ground noise level. Furthermore, it is also possible
to designate only the vehicle components selected
beforehand as background noise factors as estima-
tion targets of background noise levels. For exam-
ple, noise factors which should not be handled as
background noise targets, such as conversation be-
tween passengers, can be purposely excluded from
the estimation targets.

(3) The battery 15 is cooled using the air in the pas-
senger compartment 13. For this reason, when the
air in the passenger compartment 13 is kept to an
appropriate temperature by the air-conditioner 20,
the battery 15 is cooled more stably compared to
the case where the battery 15 is cooled using the
air outside the passenger compartment 13, which
drastically changes.

(4) The ECU 19 calculates a command value for the
fan 23 based on not only noise in the passenger
compartment 13 but also the temperature in the bat-
tery 15. For this reason, while sensible noise of the
fan 23 to passengers in the passenger compart-
ment 13 is reduced, it is possible to cool the battery
15 more adequately according to the temperature.
Since an abnormal temperature rise of the battery
15 can be prevented, it is possible to prevent the
life of the battery 15 from being shortened. Further-
more, prevention of temperature rise of the battery
15 leads to a decrease in load on the internal com-
bustion engine 11 and improvement of fuel efficien-
cy of the internal combustion engine 11.

(5) Causes for background noise can be the vehicle
speed (that is, the vehicle itself), the internal com-
bustion engine 11, the M/G 12, the air-conditioner
20, the window 21 and the sound system 22. These
factors for background noise generally reflect fac-
tors for background noise in the passenger com-
partment 13 of the hybrid car. For this reason, the
background noise level in the passenger compart-
ment 13 of the hybrid car is adequately estimated
and the operation of the fan 23 is controlled in an
appropriate manner.

(6) In a vehicle according to this embodiment, the
battery 15 is disposed under the seat 14 and the

operating sound of the fan 23 is easily sensed by
the ears of passengers. Applying the fan control ac-
cording to this embodiment as described above to
such a vehicle is further effective in reducing sensi-
ble noise of the fan 23 to the passengers in the pas-
senger compartment 13.

Another embodiment of the present invention
will be explained centered on differences from the
embodiment in Figure 1 to Figure 4 according to
Figure 5 and Figure 6.

In the embodiment in Figure 1 to Figure 4, the
amount of operation of the fan 23, that is, the rota-
tion speed is changed according to the background
noise level in the passenger compartment 13 and
temperature level of the battery 15. However, when
the operating sound of the fan 23 drastically chang-
es due to change of rotation speed of the fan 23,
passengers may feel a sense of discomfort. How-
ever, while a drastic increase of the operating sound
of the fan 23 causes passengers to feel a noticeable
sense of discomfort, a decrease of the operating
sound of the fan 23 is less likely to cause passen-
gers to feel a sense of discomfort no matter how
drastic the decrease may be.

Thus, this embodiment applies a filtering proc-
ess to the operation command value calculated ac-
cording to the fan controlling procedure in Figure 2
for slowing the variation of the operation command
value. Hereinafter, the operation command value
calculated in the fan controlling procedure in Figure
2 will be referred to as a target operation command
value St and the operation command value after the
filtering process will be referred to as a final opera-
tion command value Sfin.

In the filtering process, as shown in Figure 5,
the final operation command value Sfin input to the
fan 23 with respect to one change of the target op-
eration command value St is changed stepwise in
a plurality of stages. When the target operation
command value St is increased so as to increase
the amount of operation of the fan 23, the final op-
eration command value Sfin is increased by a pre-
determined amount of increase S1 per predeter-
mined unit time ∆t. Furthermore, when the target
operation command value St is decreased so as to
reduce the amount of operation of the fan 23, the
final operation command value Sfin is decreased by
a predetermined amount of decrease S2 per prede-
termined unit time ∆t. The amount of increase S1 is
set to a value sufficiently small relative to the
amount of decrease S2. For this reason, when the
amount of operation of the fan 23 is increased, the
final operation command value Sfin is slowly
changed compared to when the amount of opera-
tion is decreased.

Figure 6 is a flowchart showing the above de-
scribed filtering processing procedure. The filtering
processing procedure is performed by the ECU 19
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following the fan controlling procedure in Figure 2.
When this filtering processing procedure is

started, first in step S601, the ECU 19 determines
whether the target operation command value St is
equal to or greater than the current final operation
command value Sfin or not.

When the decision result in step S601 is posi-
tive, the ECU 19 goes to step S610 and determines
whether the difference (St-Sfin) between the target
operation command value St and final operation
command value Sfin is smaller than the above de-
scribed amount of increase S1 or not. If this differ-
ence (St-Sfin) is equal to or greater than the amount
of increase S1, the ECU 19 goes to step S611, sets
the result of adding the amount of increase S1 to
the current final operation command value Sfin as
a new final operation command value Sfin, and
ends this process. Furthermore, when the differ-
ence (St-Sfin) is smaller than the amount of in-
crease S1, the ECU 19 goes to step S612, sets the
current target operation command value St as the
final operation command value Sfin and ends this
process.

On the other hand, when the target operation
command value St is smaller than the current final
operation command value Sfin in step S601, the
ECU 19 goes to step S620 and determines whether
the difference (Sfin-St) between the final operation
command value Sfin and target operation command
value St is smaller than the amount of decrease S2
or not. If the difference (Sfin-St) is equal to or great-
er than the amount of decrease S2, the ECU 19
goes to step S621, sets the result of subtracting the
amount of decrease S2 from the current final oper-
ation command value Sfin as a new final operation
command value Sfin and ends this process. On the
other hand, if the difference (Sfin-St) is smaller than
the amount of decrease S2, the ECU 19 goes to
step S622, sets the current target operation com-
mand value St as the final operation command val-
ue Sfin and ends this process.

This embodiment explained so far has the fol-
lowing advantages in addition to the advantages of
the embodiment in Figure 1 to Figure 4.

(7) The operation command value for the fan 23 is
changed gradually when the amount of operation of
the fan 23 is changed. For this reason, the amount
of operation of the fan 23, that is, the rotation speed
slowly changes without changing drastically. A
gradual change of the rotation speed of the fan 23
causes a gradual change in the operating sound of
the fan 23. As a result, it is possible to reduce the
sense of discomfort that the change in operating
sound of the fan 23 causes to the passengers.

(8) The rate of change in the amount of operation
of the fan 23 is differentiated when the amount of

operation of the fan 23 is increased and decreased.
More specifically, when the amount of operation of
the fan 23 is increased, the rate of change in the
amount of operation is lower than when the amount
of operation of the fan 23 is decreased. For this rea-
son, when the amount of operation of the fan 23 is
increased, the drastic increase in the operating
sound is suppressed and when the amount of op-
eration of the fan 23 is decreased, the operating
sound is speedily decreased. As a result, it is pos-
sible to effectively reduce the sense of discomfort
that the operating sound of the fan 23 causes to the
passengers.

[0034] The above described embodiments may be
modified as follows.
[0035] In the filtering processing procedure shown in
Figure 6, the final operation command value Sfin is
changed stepwise. However, it is possible to gradually
change the final operation command value Sfin in any
mode, for example, continuously change the final oper-
ation command value Sfin or change the change rate of
the final operation command value Sfin according to var-
ious conditions, etc.
[0036] The above described embodiments have enu-
merated the axle shaft 17 through which the vehicle
speed is detected, internal combustion engine 11, M/G
12, air-conditioner 20, window 21 and sound system 22
as the vehicle components which can be considered as
causes for background noise, but the present invention
is not necessarily limited to these vehicle components.
All these vehicle components need not be assumed as
causes for background noise. It is also possible to as-
sume vehicle components other than these vehicle
components, for example, a wiper for wiping away rain-
drops, an air cleaner provided in the passenger com-
partment, etc., as causes for background noise.
[0037] With respect to each of vehicle components to
be estimated as causes for background noise, whether
the operation command value for each element should
be used to estimate the background noise level or the
operating condition value of each element should be
used to estimate the background noise level can be se-
lected as appropriate within the range in which the back-
ground noise level can be accurately estimated.
[0038] The location of the battery 15 is not limited to
under the seat 14, but may also be other than under the
seat 14 in the passenger compartment 13 or outside the
passenger compartment 13.
[0039] Cooling of the battery 15 is not limited to cool-
ing using the air in the passenger compartment 13, but
may also be performed using air outside the passenger
compartment 13. The fan 23 may be placed inside the
passenger compartment 13 or may also be placed out-
side the passenger compartment 13.
[0040] The battery to be cooled by using the fan 23 is
not limited to the battery 15 which supplies power to the
electric motor 12 that functions as a drive source of the
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vehicle, but may also be any battery mounted on the
vehicle.
[0041] In the fan controlling procedure in Figure 2, the
temperature of the battery 15 may be expressed with
temperature levels of a plurality of stages other than five
stages or may be treated as a continuous numerical val-
ue instead of temperature levels in a plurality of stages.
Likewise, the background noise levels in the passenger
compartment 13 may also be expressed with levels in a
plurality of steps other than three stages. The back-
ground noise levels may also be treated as a continuous
numerical value instead of levels in a plurality of stages.
Furthermore, operation command values correspond-
ing to the fan 23 are not limited to values which vary
stepwise and may also be a value which varies contin-
uously.
[0042] Control of the fan 23 based on the temperature
level may be performed independently of control of the
fan 23 based on the background noise level. Further-
more, instead of control of the fan 23 based on the tem-
perature level, it is also possible to perform control of
only the fan 23 based on the background noise level.
[0043] It is possible to reduce a command value for
the fan 23 to an extent that the battery 15 is not adverse-
ly influenced if the passenger compartment 13 is in a
quiet environment even if the detected temperature of
the battery 15 is high. Thus, the fan 23 may be controlled
further considering temporal conditions in addition to the
temperature level and background noise level.
[0044] In addition to the background noise level esti-
mated with a noise gauge 41 provided on the vehicle as
shown with a dotted line in Figure 1, it is also possible
to determine the noise level in the passenger compart-
ment 13 by further taking into account the actual noise
level directly measured using the noise gauge 41. In-
stead of estimating the background noise level, it is pos-
sible to control the fan 23 only based on the actual noise
level as directly measured using the noise gauge 41. In
this case, the noise gauge 41 functions as the determin-
ing means for determining the noise level in the passen-
ger compartment 13. Using the directly measured actual
noise level, it is possible to control the fan 23 by reflect-
ing the acoustic environment in the passenger compart-
ment 13 more faithfully. The noise gauge 41 may be
placed inside the passenger compartment 13 or may al-
so be placed outside the passenger compartment 13.
[0045] It is also possible to provide a sound absorbing
member or sound insulator as appropriate to reduce the
operating sound of the fan 23 or increase the cross sec-
tion of the passage for the cooling air to be sent to the
battery 15.
[0046] The present invention is not limited to a hybrid
car provided with an internal combustion engine 11 and
M/G 12, but is also applicable to an electric car. Such
an electric car may be provided with a secondary battery
or fuel cell as the battery and a motor operating based
on power of the battery as the drive source.

Claims

1. A method of controlling a fan for cooling a vehicle-
mounted battery, said vehicle being provided with a
passenger compartment for passengers and an
electric motor which functions as a drive source,
said control method being characterized by:

a step of determining noise level in said pas-
senger compartment; and
a step of controlling an operating mode of said
fan according to the determined noise level in
the passenger compartment.

2. The control method according to claim 1, charac-
terized in that the step of determining noise level
in said passenger compartment includes a step of
estimating background noise level due to noise oth-
er than noise generated from said fan.

3. The control method according to claim 2, charac-
terized in that said background noise level is esti-
mated based on the content of an operation com-
mand given to vehicle components that can be
causes for said background noise level.

4. The control method according to claim 2, charac-
terized in that said background noise level is esti-
mated based on the condition of vehicle compo-
nents that can be causes for said background noise
level.

5. The control method according to any one of claims
2 to 4, characterized in that noise level in said pas-
senger compartment is determined based on esti-
mated background noise level in the passenger
compartment and an actually measured noise level
in the passenger compartment.

6. The control method according to claim 1, charac-
terized in that said step of determining noise level
in the passenger compartment includes a step of
actually measuring the noise level in the passenger
compartment.

7. The control method according to any one of claims
1 to 6, characterized by a step of detecting the tem-
perature of said battery, wherein the operating
mode of said fan is controlled according to the de-
termined noise level in the passenger compartment
and the detected battery temperature.

8. The control method according to any one of claims
1 to 7, characterized in that said step of controlling
the operating mode of the fan comprises:

a step of gradually changing an amount of op-
eration of said fan; and
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a step of differentiating the change rate of said
amount of operation when said amount of op-
eration is increased and when said amount of
operation is decreased.

9. The control method according to claim 8, charac-
terized in that said amount of operation of the fan
is changed more slowly when said amount of oper-
ation is increased than when said amount of oper-
ation is decreased.

10. An apparatus for controlling a fan for cooling a ve-
hicle-mounted battery, said vehicle being provided
with a passenger compartment for passengers and
an electric motor which functions as a drive source,
said control apparatus characterized by:

determining means for determining noise level
in said passenger compartment; and
controlling means for controlling the operating
mode of said fan according to the determined
noise level in the passenger compartment.

11. The control apparatus according to claim 10, char-
acterized in that said determining means esti-
mates background noise level due to noise other
than noise generated from said fan and determines
noise level in said passenger compartment based
on the estimated background noise level.

12. The control apparatus according to claim 11, char-
acterized in that said determining means esti-
mates background noise level in said passenger
compartment based on the content of an operation
command given to vehicle components that can be
causes for said background noise level.

13. The control apparatus according to claim 11, char-
acterized in that said determining means esti-
mates background noise level in said passenger
compartment based on the condition of vehicle
components that can be causes for said back-
ground noise level.

14. The control apparatus according to claim 12 or 13,
characterized in that said vehicle components in-
clude at least one of said electric motor, air-condi-
tioner, window ,sound system, and a member
through which vehicle speed can be detected.

15. The control apparatus according to claim 12 or 13,
characterized in that said vehicle is provided with
an internal combustion engine which functions as a
drive source in addition to said electric motor and
said vehicle components include said electric mo-
tor, said internal combustion engine, air-condition-
er, window, sound system, a member through which
vehicle speed can be detected.

16. The control apparatus according to any one of
claims 11 to 15, characterized by a noise gauge
for directly measuring noise level in said passenger
compartment, wherein said determining means de-
termines noise level in said passenger compart-
ment based on the estimated background noise lev-
el in the passenger compartment and the measured
noise level in the passenger compartment.

17. The control apparatus according to claim 10, char-
acterized in that said determining means compris-
es a noise gauge for directly measuring noise level
in said passenger compartment and said controlling
means controls the operating mode of said fan
based on the measured noise level in the passen-
ger compartment.

18. The control apparatus according to any one of
claims 10 to 17, characterized in that said fan
blows the air in said passenger compartment on the
battery to cool said battery.

19. The control apparatus according to any one of
claims 10 to 18, characterized in that said battery
is disposed under a seat provided in said passenger
compartment.

20. The control apparatus according to any one of
claims 10 to 19, characterized by a temperature
detector which detects the temperature of said bat-
tery, wherein said controlling means controls the op-
erating mode of said fan according to the deter-
mined noise level in the passenger compartment
and the detected temperature of the battery.

21. The control apparatus according to any one of
claims 10 to 20, characterized in that said control-
ling means gradually changes said amount of oper-
ation of the fan at different speeds when said
amount of operation is increased and when said
amount of operation is decreased.

22. The control apparatus according to claim 21, char-
acterized in that said controlling means changes
said amount of operation of the fan more slowly
when said amount of operation is increased than
when said amount of operation is decreased.
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